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L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. We have been attempting recently [1] ] to explain some macroscopic properties of recently discovered [2] [3] [4] [5] polarized liquid crystals composed of chiral molecules (DOBAMBC and related materials). These materials present a helicoidal smectic C phase (named the C* phase) with spontaneously polarized layers. On the basis of the suggested [2] linear coupling between the layer polarization and the quadrupolar order parameter characterizing the tilt in the C* phase, we found qualitative agreement with experiments on the structure of the C* phase and on the linear response to an external electric field E parallel to the layers. For E = 0, experiments [2] and theory [1, 6] agree in showing a second-order phase transition from the smectic A to the C* phase. For an infinitesimal ~ 5~ 0, the theory [1] predicts a monotonically decreasing line of critical temperatures 7c(F) separating a uniformly polarized smectic C phase (at T &#x3E; 7~) and a distorted smectic C* phase (at T rj. The distortion induced by the field in the C* phase is essentially a tilt of the axis of the helix with respect to the layer normal, which makes the C* phase biaxial.
In this paper, we go a step further in studying the line T~(~) and show that it terminates at a tricritical point (Et, Tt), so that at E &#x3E; Et the phase transition becomes first order. As in the previous works [1, 7] , we use a formalism based on the Landau theory of second-order phase transitions.
Because of the linear coupling between the layer polarization and the tilt angle, these two are proportional below the transition [1, 2] . It can be shown [1] ] that only one complex parameter is independent, and one can choose P = 7B + iPy as such a parameter (Px, Py are the cartesian components of the layer polarization ; the z-axis is chosen to be normal to the layers). In the smectic C* phase, P varies helicoidally in the z-direction, with a pitch much larger than the interlayer distance. Therefore we will consider P as a slowly varying function of z and expand the free energy F in both P and aP/az. The expansion of F (per unit volume) has the form [7] The integration is performed over the sample volume V, and the main assumption is that only K1 is temperature dependent among the coefficients Kl, ..., K4. The ordinary dielectric coupling, -2 XE 2, is omitted from (1), since it is small [2] (2) leads to the same results with small differences (e.g., a difference of 4 % in the value of Et). For the sake of brevity and simplicity, we will use the approximate method here.
By neglecting the coupling terms Pk P-k in (2) , the soft mode is again ~ = Pko with ko from (4) . However, where Poo is the equilibrium value of Po at the transition point. Since at this point Pk = 0(/r 5~ 0),Poo~~st satisfy eq. (9) with Kl = Ki(T~). It then follows from (5)- (7), (9), (11) and we return to the quadratic dependence found in our previous work [1] . Slightly below 7c, the system is characterized by two parameters, ~ (complex) and Po (real). Putting in (2) Pk = 0 for k =1= 0, ko and P~ = ~ we obtain Here ~ is the order parameter of the phase transition, and Po is a non-critical parameter coupled to 0 through the term Po ~ ~ ~ 2 . To express F as a function of ~ only, we proceed as in a recent work of Benguigui [9] [2, 3] (ko = 0). A theoretical description of this unwinding poses great difficulties, because the Landau theory is inapplicable for first-order transitions far from the tricritical point.
In conclusion, we have demonstrated on the basis of the Landau theory [8] , that the line 7~(F) of secondorder phase transitions between the electrically induced uniform smectic C phase and the electrically distorted smectic C* phase terminates at a tricritical point. Having related the critical quantities Et, Tt to other measurable properties of the material, we hope to stimulate further experimental work on these interesting liquid crystal phases.
